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Abstract 
We report an inverse Spatially Offset Raman Spectrometer capable of non-invasively identifying 
packaged chemicals from a distance. Usual inverse SORS spectrometer has a non-contact distance 
that is equivalent to the focal distance of the collection system. In this work we demonstrate the 
defocused geometry with a modified data analysis method capable of making inverse SORS 
measurements from a distance greater than the focal distance of the collection lenses. With the 
defocused geometry we were able to detect acetaminophen, concealed inside a 2 mm thick plastic 
bottle, at a non-contact distance of 30 cm.  
1. Introduction 
In recent years Raman techniques have undergone tremendous growth with the introduction of modified versions of 
the conventional spectroscopic method. These modifications have given Raman spectroscopy new capabilities such 
as interrogating samples non-invasively and remotely. Spatially Offset Raman Spectroscopy [1] is a modified direct 
Raman technique which is capable of analysing samples through diffuse opaque containers. This modified mode of 
Raman spectroscopy is capable of greatly suppressing sample fluorescence. Matousek et.al has demonstrated the 
capability and applications of this technique in biomedical [2; 3; 4], pharmaceutical [5] and homeland security 
arenas. Another mode of SORS is inverse SORS [6]. This mode overcomes many of the instrumental limitations 
experienced by conventional SORS. 
In this work we report a defocused inverse Spatially Offset Raman sensor for the identification of concealed 
chemicals. 
2. Method 
 
Figure 1 Schematic diagram of the inverse spatially offset Raman spectrometer. 
Figure 1 shows a schematic diagram of the spectrometer, a detailed description of the setup can be found elsewhere 
[7]. The designed probe has a fibre pigtailed laser diode emitting 785 nm wavelength with a power output of 
450 mW. The illumination side of the instrument has an axicon lens on rails to change the excitation beam shape 
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into a ring. The collection optics consists of one to one imaging system formed by two biconvex lenses with focal 
length 6 cm. The spectral acquisition is done by a spectrograph and CCD camera controlled by a computer.  
Analytical grade acetaminophen was placed inside a diffuse plastic container shown in figure 2 and placed at 
30 cm from the collection optics. A spot spectral measurement corresponding to zero spatial offset (3 mm) was 
made with the axicon lens removed. An offset measurement (offset of 15 mm) was made with the axicon lens in 
place, to generate an illumination ring on the surface of the container. 
  
Figure 2 High density polyethylene container used to conceal acetaminophen. 
3. Results and discussions 
Figure 3 (a) and (b) illustrates the spectral measurement corresponding to spot and ring with the sample container 
placed at a distance of 30 cm from the collection optics. 
 
Figure 3 Spectra of acetaminophen inside plastic container corresponding to a spot (a) and ring (b) measurement. 
It is clearly evident from Figure 3 (a) and (b) that in the spot and ring measurement there is different relative 
contributions from the container surface material and the sub-layer (acetaminophen sample). Figure 4 illustrates the 
result of a normalization treatment of both the spot and ring spectra.  
 
Figure 4 Spectra corresponding to spot and ring measurements after normalization. 
Generally the data treatment for spectra collected by inverse SORS involves the subtraction of spot 
measurement from the ring measurement to reveal the native spectrum of the sub-layer (concealed sample). This 
ring spectrum is usually enriched with subsurface information. For our measurements collected by proposed 
defocused geometry, we subtract the ring spectra from the spectra corresponding to the spot measurement to reveal 
the native spectrum of concealed substance. The resultant spectrum for acetaminophen is illustrated in Figure 5.  
   
Figure 5 Acetaminophen spectra recovered using defocused inverse SORS spectrometer plotted along with 
reference spectra. 
Figure 5 illustrates the perfect match between reference and recovered spectra of acetaminophen. The spectral 
peaks due to the container have been completely removed, demonstrating the capability of the instrument to perform 
remote SORS measurements. 
4. Conclusion 
We have demonstrated the use of a defocused inverse spatially offset sensor to remotely identify a concealed 
chemical substance. The proposed probe design can be applied in remote Raman applications to identify concealed 
hazards with modification of optics. 
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